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Descripti n 

Th present inv ntion relates to an optical displacem nt sensor, for xampl , a vibration sensor r 
accel rom t r, and mor particularly, to such a sensor utilising th prindpl s of a Fabry-P rot type 
5 interferometer for sensing vibrations or linear displacements. 

Optical sensors based on interferon! etry are known for a wide range of measurands. For example, our 
prior International specification No. WO83/03010 describes optical displacement sensing apparatus incor- 
porating a confocal Fabry-Perot interferometer in which one of the confocal mirrors is resitientfy mounted so 
that the mirrors are relatively movable in response to an external stimulus applied to the interferometer, and 
io servo means is responsive to the optica) output from the interferometer to adjust an optical parameter, upon 
relative displacement of the mirrors, in a manner to maintain and restore the optical transmissivrty of the 
interferometer and thereby monitor the displacement Conveniently, this interferometer is addressed via a 
mono-mode optical fibre and, similarly, the output from the interferometer may be detected via a second 
optical fibre. 

rs Optical fibre accelerometers have also been proposed in which a mono-mode optical fibre, itself, forms 
part of the sensing element Although these devices offer very high resolution, their performance is critically 
dependant on the opto-mechanical properties of the fibre. 

The present invention employs an optica] displacement sensor in which the relative displacement of a 
-sensing element, in response to an external stimulus applied to the sensor, Is detected by a Fabry-Perot 

20 interferometer, and in which one of the minors of the interferometer is mounted on the sensing element and 
the other minor is formed by the adjacent end of an optical fibre via which the interferometer is illuminated 
or energised. A sensor having these features is known from GB-A-2 185 106. The invention is characterised 
in that the sensing element comprises a resilient diaphragm weighted so as to remain stationary upon 
application of the external stimulus to the sensor. 

25 The sensor of the invention is particularly suitable for use as an accelerometer and, as such, is 
designed to measure only a single orthogonal component of acceleration. It shows only a small cross 
sensitivity to other components. Perturbations caused by temperature changes may be relatively small and, 
with appropriate choice of material, very high temperature operation is possible. 

The diaphragm may be mounted in a housing or other mounting means adapted to be coupled to the 

30 external stimulus to be sensed, and the optical fibre which is preferably a mono-mode optical fibre, may 
also be supported by the mounting means with its optical axis corresponding to the optical axis of the 
minor mounted on the diaphragm. 

In a preferred embodiment of the invention, the mirror mounted on the diaphragm is a spherical metal 
mirror and the adjacent end of the optical fibre forms both the optical input and output of the interferometer. 

35 A laser light source may be connected to the proximal end of the optical fibre for supplying an optical or 
light signal for illuminating the interferometer. The output signal transmitted through the optical fibre may be 
recovered therefrom in any suitable manner and be detected by a photo-detector which is connected to 
supply an electrical signal, corresponding to the intensity of the optical output, to signal processing means 
for providing a measurement of the vibration or displacement sensed by the sensor. The use of an optical 

40 fibre for addressing the sensor enables the latter to be interrogated remotely. 

Conveniently, with the exception of the optical fibre via which the sensor is addressed, the sensor is of 
an all-metal construction, including the minor and diaphragm or other sensing element However, for certain 
specific applications, other materials, such as glass, quartz or sapphire may be used for the diaphragm 
and/or minor. 

45 The present invention enables the following to be achieved:- 

1) a miniature high resolution accelerometer and vibration sensor, 

2) an optical cavity formed by an optical fibre end and spherical metal minor attached to a sensing 
diaphragm; 

3) an optical cavity which can be interrogated remotely; 

so 4) an all-metal construction (apart from the optica) fibre lead) which allows operation at high tempera- 
tures, for example, at least 400* C; 

5) a diaphragm and minor which may be made of non-magnetic materials so that operation in microwave 
fields or electrical machines is possible. 

6) sensitivity which can be tuned by changing th diaphragm thicknes or mass. Th rang and r solution 
55 of th sensor depends on the properties of th diaphragm which may be designed appropriat ly for a 

giv n application. The chief environmental perturbation is that of t mperatur on th effective spring 
constant of th diaphragm. Diaphragm technology is matur and a rang of mat rials and designs exist 
which factlrtat th practical implem ntation of th present inv ntion for a wid rang of applications: 

3 
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7) tfi mass of the sph ileal mirror may be arranged so that it is equally distributed on opposite sid s ol 
th diaphragm to nsure minimum sensitivity to orthogonal motions - hence, a three-axis configuration is 
possibl ; 

8) operation as a pressure s nsor is possible by correct choice of the diaphragm thickn ss. 

5 The sensor according to the invention may be designed in a back-to-back configuration in which a 
mirror image of the Fabry-Perot interferometer is constructed on the opposite side of the resilient 
diaphragm or other sensing element. 

Such a back-to-back design provides additional advantages with appropriate optical signal processing. 
For example, differentially combining the interferometer outputs doubles the sensitivity and minimises the 
70 effects of source noise. Summing the outputs provides information regarding the thermal expansion of the 
assembly enabling the temperature of the environment to be measured: this may also be used to correct for 
thermal variation of the spring constant of the diaphragm, if necessary. Common mode rejection can be 
used to improve the accuracy of the sensor. 

In order that the present invention can be more readily understood, reference will be made to the 
is accompanying drawings, in which:- 

Rgure 1 illustrates an axial section through one embodiment of the invention; 

Figure 2 illustrates a block schematic circuit diagram, including elements for calibrating the sensor and 
signal processing for detecting the output of the sensor; 
Figure 3 is a plot illustrating experimental results; 
20 Figure 4 is an oscilloscope picture of interferometer waveforms; and 

Figure 5 illustrates an axial section through a second embodiment of the invention. 
Referring to Figure 1 of the drawings, the sensor 1 comprises a hemispherical Fabry-Perot inter- 
ferometer 2 disposed in a cylindrical housing 3 and illuminated via a mono-mode optical fibre 4 extending 
through one end of the housing. Mounted within the housing is a resilient or elastic diaphragm 5 forming the 
2s sensing element and a spherical mirror 6 constituting the outer minor of the interferometer is attached to 
the centre of the diaphragm opposite the distal end of the optical fibre 4. The latter projects into the housing 
through a capiUiary tube 7 and its distal end, cleaved normally to the axis of the fibre, forms the inner mirror 
of the interferometer. The axis of the fibre 4 is adjusted to match the optical axis of the spherical minor and 
the cavity length is adjusted to give maximum visibility of the interference fringes. 
30 A suitable mass 8 is secured centrally to the diaphragm on the opposite side to the mirror 6 so as to 
counterbalance the weight of the latter and equally distribute the weight on either side of the diaphragm to 
ensure minimum sensitivity to orthogonal motions. The total weight of the minor 6 and mass 8 is such that 
when the housing 3 moves in synchronism with and in repsonse to an external stimulus, the diaphragm 5 
4 remains stationary. 4 

38 Except for the optical fibre 4, all the components of the sensor 1 illustrated in Figure 1 may be made 
from metal to enable the sensor to withstand high temperature. 

The sensing element is constituted by the loaded elastic diaphragm 5 which effectively has a rigid disc 
at its centre. The solidity ratio of the diaphragm is defined as the ratio of the rigid centre and diaphragm 
radii (b/a). The spherical mirror 6 is attached centrally to the rigid centre of the diaphragm. The static 

40 deflection of the centre of the diaphragm is: 



Y '~ n 'l67D (J) 

D is called the flexural rigidity of the diaphragm and A, is a numerical coefident which depends on the 
solidity ratio [6.7], 



50 



65 




(2) 
(3) 

wh r h is th thickness of th diaphragm. E its modulus of lasticity in tension and compression, w its 
Poisson's ratio and c is th reciprocal of its solidity ratio (c = a/b). 
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For small d flections, the displacement is proportional to th applied axial fore (F), and h nee to the 
axial linear acceleration (r). If the mass of the diaphragm is much less than that of the solid central mass 
(8). th sensing I m nt can be approximated as an equtvaJ nt mass spring syst m. Th spring constant is 
d t rmined from equation (1) as K=F/Y 0 . The fundam ntal mod angular frequency of the sensing tern nt 
is calculated by «o ■ VK/M. 

The optical phase change A<fr induced in the hemispherical interferometer (2) by a displacement Y Q is: 



where r is the linear acceleration magnitude to be measured (r=F/M), X is the wavelength of the light 
illuminating the system and f 0 is the fundamental frequency of the vibrating system. The static resolution 
'5 (r mln ) of the accelerometer is limited by the phase resolution of the interferometer AQmtn and is a function of 
the fundamental frequency such that 



20 



- (5) 



Figure 2 illustrates a calibrating and signal processing system used with the sensor. In Figure 2, the 
housing 3 of the sensor 1 is suitably mechanically coupled, via its end opposite the optical fibre 4, to a 
periodically vibrating test object 9, the acceleration of whose vibrations is to be measured. The inter* 

25 ferometer 2 is arranged to be illuminated by a laser diode 10, for example, a Mitsubishi L41 07,787 ran, via 
a directional coupler 11, through which light is supplied to a calibrating interferometer 12. The sensor 
interferometer 2 is addressed via the optical fibre 4 which also serves as the output channel from the 
interferometer. The output signal is recovered from the optical fibre 4 via a directional coupler 13 and is 
detected by a photoolode detector 14 which produces an electrical output signal corresponding to the 

30 intensity of the interferometer output signal. This electrical output signal is applied to a feedback servo 15 
for locking the laser diode 10 to maintain the interferometer 2 at quadrature, ft is also fed to a spectrum 
analyser 16 which processes the electrical signal and produces an output corresponding to the acceleration 
of the periodic vibrations being sensed, which output, in turn, can be processed to compute the 
acceleration. * * 

35 The calibrating interferometer 12 is also based upon a hemispherical cavity and is fixed to the top of 
the sensor housing 3 with its axis parallel to the direction of vibration. It is addressed via an optical fibre 17 
illuminated by the laser diode 10 and the output from this calibrating interferometer is recovered from the 
optical fibre 17 via a directional coupler 18 and is detected by a photodiode detector 19 which supplies an 
electrical signal corresponding to the intensity of the output to an oscilloscope 20. 

40 In one experimental test, the vibrating object or vibrator 9 was driven sinusoidalty in the frequency 
range 40-900 Hz. The amplitude displacement of the vibrator (<\ maa ) was set such that the phase change 
induced in calibrating interferometer 12 corresponded to 2* optical radians, fie. d max =X/2) thus imparting a 
calculable acceleration to the diaphragm 5. The spectrum of the intensity output of the interferometer 2 
comprises harmonics of the acceleration frequency, whose amplitudes were measured using the spectrum 

45 analyser 16. By evaluating ratios of harmonic amplitudes, and using the usual Fourier expansion of a phase 
modulated signal, the displacement amplitude of the minor 6 arising from the acceleration was determined. 
This method of signal processing was expedient and accurate, although more appropriate techniques exist 
for use in a practical system. The cross-sensitivity to accelerations orthogonal to the symmetry axis of the 
sensor was measured by mounting the accelerometer with its axis perpendicular to that of the vibrator. 

50 In the experiment a steel diaphragm 5 with radius of 9.5 mm and thickness of 0.51 mm was used. The 
accelerometer 1 was constructed with a curved mirror 6, radius of curvature «4 mm. The system was tested 
using two different loadings of the diaphragm, giving masses (8) of 0.91 and 0.59 grams respectively. The 
first resonance frequency of the diaphragm was 465 and 582 Hz respectively which is in good agreement 
with theor tical prediction. 

55 Th signal to noise ratio was m asured using a vibration amplitude corresponding to on irrt rf r nee 
fringe observed at th output of 12, and at a frequency of 140 Hz. The signal to noise ratio was found to be 
79.2 dBV in a bandwidth of 7.65 Hz, con sponding to a phase resolution of 4x1 Or 5 radA/Hz. Th noise 
arts s primarily from int nsity and frequency fluctuations of th source and is, h nc . small r at high r 
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frequ ncios. Th experimentally det mined diaphragm displacem nts as a function of frequ ncy were used 
togetn r with a phase resolution of 4xlO~ 5 radA/Hz to calculat the acceleration resolution. R. f the sensor, 
and th results ar plotted in Rgur 3. It may be seen that the resolution is bett r than 5ug(g « 94J1 ms -2 ). 
Output wav forms of th interferons ters 2 and 12 ar shown in Rgur 4. Th cross-sensitivity to orthogonal 

5 components of acceleration was measured to be better than -32.1 dB. 

The above described embodiment comprises a non-electrical accelerometer based upon an all metal 
optical cavity which can be interrogated remotely. Acceleration sensitivity exceeds lO^g and it can operate 
at temperatures as low as 70K and above 1000K which cannot be achieved by any form of conventional 
accelerometer or contact vibration sensor. 

10 Figure 5 illustrates a back-to-back configuration in which mirror image Fabry-Perot optical cavities 22,23 
are arranged on opposite sides of a resilient diaphragm sensing element 24, whereby common mode 
rejection can be utilised to improve the accuracy of measurements sensed by the sensor 21 . Hence, this 
embodiment comprises a cylindrical housing 25 having the resilient diaphragm 24 mounted centrally within 
the housing. Spherical metal mirrors 26,27 are secured centrally to opposite sides of the diaphragm and 

75 form the outer mirrors of the respective interferometers. The inner mirrors are formed by the distal ends of 
mono-mode optical fibres 28,29 via which each interferometer is illuminated. Each optical fibre 28,29 is 
secured in a capilliary tube 30,31 extending through the adjacent end wall of the housing and the axis of its 
fibre is adjusted to match the optical axis of its associated spherical minor. The diaphragm 24 is weighted 
by the mirrors and, if necessary, by additional masses in the mirror mountings, so that when the housing 25 

20 is suitably arranged to detect an external stimulus, the housing moves in synchronism with the stimulus 
whilst the diaphragm remains stationary. Except for the optical fibres 28.29, the sensor 21 may be an all 
metal sensor. 

Whilst particular embodiments have been described, it will be understood that modifications can be 
made without departing from the scope of the invention. For example, signal processing can be based on 
25 either homody no-closed loop; heterodyne-open loop or white light techniques. 

Moreover, other materials other than metals can be used in the construction of the instrument For 
example, quartz could be used as the diaphragm material with the mirror cut into the quartz, or ceramics 
could be used for higher temperatures of operation, i e. greater than 400 "C. 

It will be seen that the invention provides a high resolution optical vibration sensor having low weight 
30 and also having the ability to cany out a remote operation via a fibre optic link. Moreover, the instrument is 
not affected by electromagnetic interference (EMI). It also has a low environmental sensitivity to tempera- 
ture as well as a low environmental sensitivity to source wavelength drift 

Claims 

3S 

1. An optical displacement sensor in which the relative displacement of a sensing element in response to 
an external stimulus applied to the sensor, is detected by a Fabry-Perot interferometer, and in which 
one of the mirrors of the interferometer is mounted on the sensing element and the other mirror is 
formed by the adjacent end of an optical fibre via which the interferometer is illuminated or energised. 

40 characterised in that the sensing element comprises a resilient diaphragm weighted so as to remain 
stationary upon application of the external stimulus to the sensor. 

2. An optical displacement sensor as claimed in claim 1, in which the diaphragm is mounted in a housing 
or other mounting means adapted to be coupled to the external stimulus to be sensed, and the optical 

45 fibre is also supported by the mounting mean s with its optical axis corresponding to the optical axis of 
the minor mounted on the diaphragm. 

3. An optical displacement sensor as claimed in claim 1 or 2, in which the optical fibre is a mono-mode 
optical fibre. 

50 

4. An optical displacement sensor as claimed in claim 1, 2 or 3, in which the minor mounted on the 
diaphragm is a spherical metal minor and the adjacent end of the optical fibre forms both the optical 
input and output of the interferometer. 

55 5. An optical displacem nt sensor as claimed in any on of th preceding claims, in which, with the 
xception of the optical fibr , the sensor is of an alWn tal construction, including the diaphragm and its 
associated mirror. 



6 



EP 0 456 681 B1 



& An optica] sensor as claim d in any on of claims 1 to 4, in which th diaphragm and/or its associated 
minor ar mad of glass, quartz, sapphir or ceramic. 

7. An optical displacem nt sensor as claimed in any on of th preceding claims, in which a las r light 
5 source is connected to the optical fibre for supplying an optical signal for illuminating the inter- 
ferometer. 

a An optical displacement sensor as claimed in claim 7, in which an optical output signal transmitted 
through the optical fibre is recovered therefrom and detected by a photo-detector which is connected to 
10 supply an electrical signal, corresponding to the intensity of the optical output signal, to signal 
processing means for providing a measurement of the vibration or displacement sensed by the sensor. 

9. An optical displacement sensor as claimed in any one of the preceding claims, in which a mass is 
secured to the diaphragm on the opposite side to the mirror so as to counter balance the weight of the 

is latter. 

10. An optical displacement sensor as claimed in any one of the preceding claims, including a calibrating 
interferometer fixed to the mounting means of the diaphragm with its axis parallel to the direction of 
vibration. 

20 

11. An optical displacement sensor as claimed in claim 10, in which the optical .output of the calibrating 
interferometer is detected by a photodiode detector which supplies an electrical signal corresponding to 
the intensity of the optical output to an oscilloscope. 

25 12. An optical displacement sensor as claimed in any one of the preceding claims, comprising a back-to- 
back configuration in which a mirror image Fabry-Perot interferometer is arranged on the opposite side 
of the resilient diaphragm sensing element 

PatentansprQche 

30 

1. Optischer Versetzungssensor, bet dem die relative Versetzung eines Sensorelements infolge ernes auf 
den Sensor gegebenen, extemen Stimulus von eirtem Fabry^ rot-Interferometer festgestelft wird. und 
bet dem etner der Spiegel des Interferometers auf dem Sensore lament angebracht ist, und der andere 
Spieger von dem angrenzenden Ende einer Ucrtttettfaser gebildet wird, Qber die das Interferometer 

36 beleuchtet Oder erregt wird, dadurch gekennzetchnet dafl das Sensorelement eine elastische Membran 
aufwetst, die so beschwert ist, dafl sie dann, wenn der exteme Stimulus auf den Sensor gegeben wird, 
stationar btetbt 

2. Optischer Versetzungssensor gem&fl Anspruch 1, bet dem die Membran in einem GefiMuse Oder etnem 
40 anderen Montagemittel angebracht ist, das so ausgetegt ist, dafl es an den zu fOhtenden, extemen 

Stimulus angekoppett warden kann. und die licrrtlertfaser eberrfaJls von dem Montagemittel getragen 
wird, wobei ihre optische Achse mrt der optischen Achse des auf der Membran angebrachten Spiegels 
Qbereinstimmt 

45 a Optischer Versetzungssensor gemafl Anspruch 1 Oder 2, bet dem die Lichtieitfaser eine Monomodus- 
Lichtieitfaser ist 

4. Optischer Versetzungssensor gemafl Anspruch 1 . 2 Oder 3, bei dem der auf der Membran angebrachte 
Spiegel ein sphdrischer Metallspiegel ist, und das angrenzende Ende der Licrrtlertfaser sowohl den 
so optischen Eingang, als auch den optischen Ausgang des Interferometers bildet 

&. Optischer Versetzungssensor gemafl irgendeinem der vorhergehenden AnsprUche, bei dem, mrt 
Ausnahme der Licrrtlertfaser. der Sensor eine Ganzmetallkonstruktion ist. die die Membran und ihren 
zug horigen Spieg I umfaflt 

55 

6w Optischer Versetzungssensor gemSB irg nd inem der AnsprUche 1 bis 4, bei dem di M mbran 
und/od r ihr zug horig r Spieg I aus Glas, Quarz. Saphir od r K ramik best hen. 
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7. Optischer V rsetzungssensor gemaB irgendein m d r vorherg h nd n AnsprOch , bei d m in Laser- 
Lichtqu It mit der Licfrtl ittaser verbunden ist, um in optisches Signal zum Bel uchten des Interfero- 
m t rszu li f m. 

8. Optischer Versetzungssensor gemaB Anspruch 7. bei dem ein Ober die Lichtleitfaser Ubertragenes, 
optisches Ausgangssignal zurtJckgewonnen wird und von einem Photodetektor nachgewiesen wird, der 
so angeschiossen ist daB er ein elektrisches Signal, das der IntensitMt des optischen Ausgangssignals 
entspricht auf Signatverarbeitungsmittel gibt um eine Messung der von dem Sensor gefuhlten 
Schwingung Oder Versetzung auszufQhren. 

9. Optischer Versetzungssensor gemSB irgendeinem der vorhergehenden Ansprtiche, bei dem auf der zu 
dem Spiegel entgegengesetzten Seite eine Masse an der Membran befestigt ist so daB das Gewicht 
des Spiegets kompensiert wird. 

10. Optischer Versetzungssensor gemaB irgendeinem der vorhergehenden Ansprtiche, der ein Eicb- 
tnterferometer umfafit, das an dem Montagemrttel der Membran befestigt ist, wobei seine Achse parallel 
zu der Schwirxjungsnchtung ist 

11. Optischer Versetzungssensor gemSB Anspruch 10, bei dem das optische Ausgangssignal des Ech- 
Interferometers von einem Photodioden-Detektor nachgewiesen wird. der ein der Intensity des opti- 
schen Ausgangssignals entsprechendes, elektrisches Signal auf ein Oszilloskop gibt. 

1Z Optischer Versetzungssensor gemSfi irgendeinem der vorhergehenden AnsprOche, der eine ROcken-an- 
RQcken-Konfiguration aufweist bei der ein spiegelbitdliches Fabry-Pe>ot-lnterferometer auf der entge- 
gengesetzten Seite des Membran-Sensoreiements angeordnet ist 

Revendications 

1. D§tecteur de emplacement optique dans lequel te emplacement relatif d*un e^ment de detection, en 
response a un stimulus exteme applique* au de"tecteur, est d£tect£ au moyen d'un irrterfeVometre de 
Fabry-Perot et dans lequel run des miroirs de HnterfeVometre est montd sur r6k§ment de detection et 
I'autre miroir est forme* par rextnSmite* adjacente d'une fibre optique via laqueile I'interfgrometre est 
eclaire" ou excite. caracte*ris6 en ce que ferment de detection comprend un diaphragme 6lastique 
equilibre" de maniere a roster stationnaire suite a f application du stimulus exteme au d£tecteur. 

2. Oe*tecteur de dgplacement optique seton la revendication 1, dans lequel le diaphragme est monte" dans 
un boftier ou dans tout autre moyen de montage congu pour etre couple* au stimulus exteme qui doit 
etre d^tecte" et la fibre optique est egalement supported par te moyen de montage, son axe optique 
correspondant a Taxe optique du miroir monte' sur le diaphragme. 

a Dgtecteur de emplacement optique seton la revendication 1 ou 2, dans lequel la fibre optique est une 
fibre optique monomode. 

4. D£tecteur de emplacement optique selon la revendication 1 , 2 ou 3, dans lequel le miroir monte* sur le 
diaphragme est un miroir en m6tal sph£rique et I'extr6mit6 adjacente de la fibre optique forme a la fois 
Pentree et la sortie optique de I'interfeVometre. 

5. Detects ur de emplacement optique selon Tune queiconque des revendications prec£dentes, dans 
lequel. a "'exception de la fibre optique, le de"tecteur est d'une construction tout mStal, y compris le 
diaphragme et son miroir assoctg. 

6. D&ecteur de emplacement optique selon Tune queiconque des revendications 1 a 4, dans lequel le 
diaphragme et/ou son miroir associe* sont n§ali$6s en vene, en quartz, en saphir ou en cgramique. 

7. Detect ur d dSplacem nt optiqu selon Tun qu Iconque des revendications pn5c6d rrtes, dans lequ I 
une source de lumiere laser est connect^ a la fibre optique pour apptiquer un signal optique pour 
Sdair r l*interfe>ometr . 
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& Detect ur d d£ptacem nt optique selon la r v ndication 7, dans lequel un signal de sorti optique 
transmis au travers d la fibre optique en est r£cup6r6 et est d£tect£ par un photod^tecteur qui est 
connect^ pour appliqu r un signal Slectrique, en correspondance avec Tint nsM du signal d sorti 
optiqu , a un moy n d traitement de signal pour produir un m sur d la vibrati n ou du 
emplacement detects par le d&ecteur. 

9. D6tecteur de emplacement optique selon Tune quelconque des revendications pr6c6dentes, dans lequel 
una masse est fbc6e au diaphragme sur le cdt6 oppose au miroir de maniere a Squilibrer le poids de ce 
dernier. 

10. D6tecteur de emplacement optique selon rune quelconque des revendications pr6c6dentes, incluant un 
interf6rom6tre d'ltalonnage fix(§ au moyen de montage du diaphragme, son axe 6tant paraJfele a la 
direction de vibration. 

11. D&ecteur de emplacement optique selon la revendication 10, dans lequel la sortie optique de 
I'interfgrorn&tre d'&alonnage est d£tect£e par un d&ecteur a photodiode qui applique un signal 
gtectrique correspondant a TintensitS de la sortie optique a un oscilloscope. 

12. D6tecteur de emplacement optique selon Tune quelconque des revendications pr6c6dentes, compre- 
nant une configuration dos a dos dans taquelle un intend rom&tre de Fabry-Perot a image miroir est 
agenc6 sur le cdt6 oppose de I'&gment de detection a diaphragme glastique. 
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